In this research work, melon oil was used as feedstock for methyl ester production. The research was aimed at optimizing the reaction conditions for methyl ester yield from the oil. Response surface methodology (RSM), based on a ve level, four variable central composite designs (CCD) was used to optimize and statistically analyze the interaction e ect of the process parameter during the biodiesel production processes. A total of 30 experiments were conducted to study the e ect of methanol to oil molar ratio, catalyst weight, temperature and reaction time. The optimal yield of biodiesel from melon oil was found to be 94.9% under the following reaction conditions: catalyst weight -0.8%, methanol to oil molar ratio -6:1, temperature -55
Introduction
With decreasing petroleum reserves amid rising demand for fuel, deteriorating climate conditions and weak political commitment, biodiesel which is also known as fatty acid methyl esters (FAME), has become a popular and environmental friendly alternative fuel [1] . As a fuel, biodiesel o ers many bene ts, such as ready availability, portability, renewability, domestic origin, lower sulfur and aro-matics content, biodegradability, better ignition quality, inherent lubricity, higher cetane number, higher density, greater safety, non toxic character of the exhaust emission and cleaner burning [2] .
The literature contains hundreds of references of biodiesel production from a wide variety of feedstock. At present, however, the major feedstocks are soybean oil in the U.S., rapeseed oil in Europe, and palm oil in Southeast Asia. Other feedstocks of commercial interest include camelina, canola, coconut, corn, jatropha, safower, and sun ower. Animal fats (especially beef tallow), used cooking oil (also called yellow grease) and algal lipids are also considered as feedstock in some location [3] . There are four primary methods to make biodiesel: blending, microemulsion, pyrolysis and transesteri cation. The most commonly used method is the transesteri cation of triglycerides (vegetable oil and animal fats) with alcohol in the presence of a catalyst [4, 5] . The literature is replete with several review papers on the transesteri cation process but basically it involves three reversible reactions, whereby the triglyceride is converted successively to diglyceride, monoglyceride and glycerol, consuming one mole of alcohol in each step and liberating one mole of ester [6] .
A schematic representation of the transesteri cation reaction is shown in Figure 1 (a) [6] . The alcohols generally used for the transesteri cation is methanol or ethanol, although methanol is most frequently used due to its low cost [7] . An acid, base, or enzymes can catalyze transesteri cation reactions [8] . In the biodiesel reaction, the yield is a ected by di erent parameters; however, researchers have considered four main factors: molar ratio between alcohol and triglycerides, reaction time, catalyst, and reaction temperature [9] .
Melon seed (colocynthis citrullus l.), is a cucurbit crop that belongs to the cucurbitaceae family with brous and shallow root system. It is a tendril climber or crawling annual crop mostly grown as a subsidiary crop interplanted with early maize and yam in some savannah belt of Nigeria [10] . It thrives well on rich light soil in the hot climate regions of Africa. It however, has been noted to tolerate low rainfall. In South-Eastern region of Nigeria, melon is best cultivated after the rst rain of the year. The rst roots are harvested at about thirteen weeks after planting. The seeds are obtained either in shell or unshelled forms in West African market. Numerous researchers have carried out a lot of analytical works on seeds primarily because of extensive and increasing demands for them both for human consumption and for numerous industrial application [11] .The seeds popularly called egusi in West Africa contain about 53% oil, 28% protein and some other important mineral nutrients. Melon seed contain a fairly high amount of unsaturated fatty acid, linoleic acid suggesting a possible hypocholestric e ect [12] .
Response surface methodology is a combination of mathematical and statistical techniques which is widely used for designing experiments, building models, determining optimum conditions and evaluating the relative signi cance of several factors a ecting a process [13] .
The experimental work performed and reported in this paper was aimed at obtaining the optimal production conditions for base catalyzed transesteri cation of methyl ester from melon oil. The research objective was specically to study the interaction e ect of the parameters of methanol to oil molar ratio, catalyst weight, temperature and reaction time on transesteri cation of melon oil. The experiments were performed based on central composite design (CCD) and response surface methodology (RSM) was further used to analyze the relationship between the parameters and to determine the optimum conditions for optimal production of methyl ester of melon oil.
Materials and methods

. Materials
Shelled melon seeds were purchased from New market at Enugu State, Nigeria. The chemicals/reagents employed in the course of the research are as follows: n-hexane, sodium hydroxide, ethanol, phenolphthalein, methanol, potassium hydroxide, glacial acetic acid, potassium iodide, distilled water, chloroform, sodium thiosulphate, starch, and Carbon tetrachloride. Sodium hydroxide was used as catalyst. The chemicals, which all were analytical grade (≥ 99% pure), were purchased from Conraws Nig. Ltd.
. Extraction
The melon oil for the methyl ester production was extracted from shelled melon seed using solvent extraction. Prior to extraction, the shelled melon seeds were rst cleaned to remove impurities such as sand, dirt and other sundry materials. It was further oven dried and grinded into smaller pieces. The raw melon oil extracted was further characterized to determine the physiochemical properties.
. Pretreatment Operations
The characterization showed that the raw melon oil has a high Free Fatty Acid (FFA) and also contains moisture. Degumming was done to remove the phospholipids by addition of boiling water to the extracted oil. The mixture was stirred for 5 minuties and allowed to stand in a separating funnel. Neutralization was done to remove the free fatty acid.
. Catalytic mechanism of the Process
The mechanism of the base-catalyzed transesteri cation of vegetable oils is shown in Figure 1(b) . The rst step is the reaction of the base with the alcohol, producing an alkoxide and the protonated catalyst. The nucleophilic attack of the alkoxide at the carbonyl group of the triglyceride generates a tetrahedral intermediate in the second step, from which the alkyl ester and the corresponding anion of the diglyceride are formed in the third step. The latter deprotonates the catalyst at the last stage, thus regenerating the active species. This was able to further react with a second molecule of the alcohol, starting another catalytic cycle. Diglycerides and monoglycerides are converted by the same mechanism to a mixture of alkyl esters and glycerol. Alkaline metal alkoxides (such as CH ONa for the methanolysis) are the most active catalysts, since they give very high yields (>98%) in short reaction times (30 min) even if they are applied at low molar concentrations (0.5 mol%). However, they require the absence of water which makes them inappropriate for typical industrial processes [14] .
In this study, sodium hydroxide and methanol reacted to form the methoxide that was used for the transesteri cation reaction. Alkaline metal hydroxides (KOH and NaOH) are cheaper than metal alkoxides, but less active. Nevertheless, they are a good alternative since they can give the same high conversions of vegetable oils just by increasing the catalyst concentration to 1 or 2 mol% [14] . However, the most commonly used alkaline hydroxides is sodium hydroxide because it's more e ective and mixing with methanol produces little amount of water [15] .
. Transesteri cation Procedures
The transesteri cation reaction was carried out in a threenecked 250 ml round bottom ask tted with a thermometer, condenser and a mechanical stirrer whose speed was also controlled. Melon seed oil (50 ml) was placed into the reaction ask and the prepared methoxide (methanol and sodium hydroxide) was further added. The experiment was carried out in a water bath. At the end, the reaction was quenched using 3 drops of aqueous HCl solution and the mixture was poured into a separating funnel where it is allowed to stand for 1 to 2 hours for proper separation. The mixture separates into two layers; crude glycerol, the heavier liquid, is collected at the bottom while the lighter liquid (biodiesel) was further washed with warm water in the ratio 1:2 (biodiesel to water ratio). The washing was repeated 2 to 3 times. The biodiesel was later collected in a beaker and the remaining water trapped in the biodiesel was oven-dried. The volume of the biodiesel after washing was also noted.
. Experimental Design
The 5-level -4-factor experimental design was employed in this study requiring 30 experiments, consisting of 16 factorial points, 8 axial points and 6 center points. The level of each was chosen based on the importance to the experiment. Based on the e ect of the process conditions considered, the range and variable investigated are listed in Table 1 below. Central Composite Design (CCD) was applied with four design factors; namely, methanol to oil molar ratio, catalyst weight, temperature and reaction time. These factors are the major factors that a ect biodiesel yield [9] . The single e ect of these four factors was rst studied to ascertain their individual e ect on transesteri cation of melon oil. The study indicated that the best reaction ranges for melon oil were 6:1, 0.75, 60°C and 60 minutes for methanol to oil molar ratio, catalyst weight, temperature and reaction time respectively. This formed the basis for selecting the ranges used in RSM.
A quadratic polynomial equation by central composite design was developed to predict the response as a function of independent variables and their interaction [16] . The response for the quadratic polynomials is described below:
where Y is the response (yield), i and j are linear and quadratic coe cients respectively, b is the regression coefcient, k is the number of factors studied and optimized in the experiment and e is the random error [17] . The Design -Expert 8.0.7.1 software package was used for regression analysis and analysis of variance (ANOVA).
Results and Discussion . Model tting and statistical analysis
The transestri cations reaction was run using the pretreated melon oil with an acid value and water content of 0.02 mg KOH/g and 0.02% respectively. It was necessary to pretreat the melon oil in other to reduce the free fatty acid (FFA) and water content. In the conventional transesteri cation of animal fats and vegetable oils for biodiesel production, presence of free fatty acids and water causes soap formation, consumes catalyst and reduces catalyst effectiveness, all of which results in a low conversion [18] . Researchers suggested that the FFA level of a feedstock should be reduced to less than 1% before using alkaline catalysis [19] . In order to search for the optimum conditions for biodiesel synthesis, experiments were performed according to the CCD experimental plan. The observed and predicted response for the conversion of biodiesel, are shown in Table 2 (a). The study was carried out with important process variables for transesteri cation reaction.
Multiple regression analysis of the experimental data gives the following second order polynomial reduction:
where "Y" is the response, that is the conversion to biodiesel, and X , X , X and X shows the values of the test variables, methanol to oil molar ratio, catalyst weight, temperature and reaction time respectively. Statistical analysis obtained from the analysis of variance (ANOVA) for response surface reduced quadratic model is shown in Table 3 . The Fisher F-test (F model = 30.31) with a very low probability value [( P model >F) = 0.0001] demonstrate a very high signi cance for the regression model. This is desirable as it indicates that the terms in the model have a signi cant e ect on the response. The value of P<0.0001 indicates that there is only a 0.01% chance that the F-value could be due to noise. Generally P-values lower than 0.01 indicate that the model is considered to be statistically signi cant at the 99% condence level. Values greater than 0.1000 indicate the model terms are not signi cant [20] . In other words, the smaller the P-value for a parameter the more signi cant the parameter, hence re ecting the relative importance of the term attached to that parameter [21] . In this case X (methanol to oil molar ratio), X (catalyst weight), X (Temperature), X X , X X , X X , X , X , X , and X are signi cant model terms. However, X (reaction time), X X , X X , and X X , have less e ect (Prob>F more than 0.05) on the biodiesel yield from melon oil. The insigni cant model terms can be removed and may result in an improved model. The relationship between predicted and experimental biodiesel yield is shown on Figure 2 . It can be seen that there is high correlation (R = 0.9659) between the predicted and experimental biodiesel yield. The predicted values and experimental values were in reasonable agreement (R value close to unity), which means that the data t well with the model and convincingly good estimate of response for the system in the ranges studied [22] . The "Lack of Fit F-value" of 3.53 implies the Lack of Fit is not signi cant relative to the pure error. Insigni cant lack of t is good as su ciently good model tting is desirable. This analysis was further examined using the normal probability plot of the residuals shown in Figure 3 . The normal probability plot of the residuals indicates that the errors are distributed normally in a straight line and are insigni cant [22] . The three dimensional response surface and the contour plots are presented in Figures 4, 5, 6 , 7, 8 and 9. Each contour curved represent an in nite number of combinations of two test variables with the other two maintained at their respective zero level. From the contour plots, it is easy and convenient to understand the interactions between two factors and also locate their optimum levels.
The contour plots and 3D response plot in Figure 4 shows that there is a signi cant interaction between temperature (°C) and catalyst weight (%). Increase in temperature and catalyst weight leads to a corresponding increase in yield up to a certain value (0.6%) and then decreased as shown by the parabolic shape of the plot. This is because increases in temperature and catalyst weight above certain points (>0.7%) would lead to increased emulsion formation. From literature, increase in biodiesel yield would occur as temperature increases but with low or intermediate amount of catalyst [22] . Figure 5 (a) and Figure 5 (b) shows the interactive e ect of methanol/oil ratio and temperature. From the plots, it was indicated that the highest yield (96%) was obtained at temperature of 55
• C and methanol/oil ratio of 6:1. As the temperature increases, the solubility of methanol in the oil increases and so does the speed of reaction. As a matter of fact, at low temperature, methanol is not soluble at all in the oil; when the stirring is started an emulsion appears [23] . On the other hand, an excessive amount of alcohol above 6:1 makes the recovery of glycerol di cult. This may be attributed to the stiochiometry of transesteri ction, which requires a 3:1molar ratio of alcohol to triglycerides, since this reaction involves the conversion of one ester and an alcohol towards another, an excess of alcohol is used to drive the reaction near completion [24] . Figure 6 (a) and Figure 6 (b) shows the contour and response surface plot of reaction time and methanol to oil ratio on production. When the other factors were kept constant, increase in methanol/oil ratio and reaction time leads to a higher yield. In other words, increase in time with a corresponding increase in methanol/oil ratio gives b -Insigni cant at "Prob>F" more than . high yield. Higher production of Methyl ester is strongly favored when high molar ratio is employed for a certain time of reaction and catalyst weight [24] . The response to the interaction between methanol oil ratio and catalyst weight against yield and the corresponding 3D response surface plot were shown in Figure 7a and Figure 7b . These plots indicates that higher yield of biodiesel occur at high methanol oil/ratio (6:1) and catalyst weight (0.6%). At low amount of catalyst, synthesis was slightly a ected by the oil to methanol molar ratio: whereas, at high catalyst amounts, the oil to methanol molar ratio was extremely relevant to the augmentation of the synthesis [25] . But excess catalyst amount above these in- dicated points would give a product that would not separate out. In other words it would be di cult for the transesterication reaction to reach completion. Thus, at low amounts of catalyst and higher methanol to oil ratio, the transesteri cation reaction was negatively a ected. The yield only improved as catalyst increased to certain level and at high methanol to oil ratio.
The contour plot and three dimensional response surface plots on Figure 8 (a) and 8(b) shows that increase in reaction time and catalyst weight leads to a corresponding increase in yield. The increment of catalyst loading caused signi cant increase in biodiesel yield at low reaction time. However, the biodiesel yield was slightly in uenced by the rise of catalyst at higher reaction time, although the increment is low (88-92%). It was observed that the yield became steady, when these parameters were increased further than the points indicated (>60 mins and 0.7%). This might indicate that the transestri cation reaction has reached equilibrium condition, and further increase may lead to reverse reaction and thus reduce the biodiesel content [22] . Figure 9 (a) and Figure 9 (b) shows the contour plot and response surface plot for the interaction e ect between reaction time and reaction temperature on biodiesel yield. The surface response revealed that increment of reaction temperature from low level (35
• C) to a higher level of 55 • C leads to an increase in yield of biodiesel under reduced reaction time. It was observed that increase of reaction time does not improve catalytic activity at low reaction temperature. The reaction processes was in agreement with Lee's study in which high temperature improved the dispersion of catalyst in the liquid medium with better mass transfer between the reactant. Also, the contour plot showed that high biodiesel content (>90%) was favoured by high reaction temperature and low or intermediate reaction time [22] . A few work reported the reaction at room temperatures. Most researchers focused on the transesteri cation at near boiling point of the alcohol. Temperature has a signi cant e ect on speed of reaction and led to higher conversion of ester. Increasing temperature of reaction to near the boiling point of the alcohol leads to a quick corresponding increase in the yield of biodiesel [26] .
The optimal values selected by the model was valideted by futher experiment and the result obtained showed that the optimal conditions required for conversion of melon oil to biodiesel are as follows: X = 6:1, X = 0.80%, X = 55 o C and X = 60 minuties with a corresponding yield of 94.9%.
. Methyl ester analysis
The methyl ester of melon oil obtained at the optimum conditions was analyzed and the results obtained are shown on Table 4 . It was observed that the properties of the biodiesel are relatively close to that given as standard by to American Standard for Testing Material (ASTM D 6751). The acid value and moisture content obtained were 0.26 mg KOH/g and 0.040%, respectively.
The kinematic viscosity (6.68 mm /s), ash point (172
• C), pour point (3.3
• C) and cloud point (4.5 • C) for the biodiesel are all within the ASTM speci cation. Viscosity is the most important property of biodiesel since it a ects the operation of fuel injection particularly at low temperature where the increase in viscosity a ects the uidity of the fuel. High viscosity leads to poorer atomization of the fuel spray and less accurate operation of fuel injectors [27] . This parameter is also useful for evaluating the methyl and ethyl ester contents of biodiesel samples, since there is a correlation between the ester content and the viscosity. ASTM provides a method for obtaining the kinematic viscosity, which for biodiesel should be between 1.9 and 6.0 mm /s at 40 • C [28] . Melon biodiesel has a higher viscosity (6.68 mm /s at 29
Also the ash point values of the biodiesel are much lower than those of vegetable oil [29] . The ash point of biodiesel is the temperature at which the fuel becomes a mixture that will ignite when exposed to spark or ame. Flash point is one of the main properties that could be associated with biodiesel composition. This parameter is re- . max lated to the amount of unconverted triglycerides or a low content of mono-alkyl esters. It is known that high ash point ensures more safety in the handling, transportation and storage and ASTM D93 established a minimum of 130
• C for B100 [28] .
Cloud and pour point are usually considered as the key ow properties for winter fuel speci cation. The pour point is always lower than the cloud point [30] .
Conclusion
The research study was centered on optimization of methyl ester production from melon oil using response surface methodology (RSM) based on central composite design (CCD). The interaction e ects of the four major factors that a ect methyl ester production; methanol to oil molar ratio, catalyst weight, reaction time and temperature were extensively studied. Based on the experimental results it was concluded that: 1. Methanol to oil molar ratio, catalyst weight and temperature has signi cant e ect on transesteri cation of melon oil to methyl ester using methanol and sodium hydroxide as alcohol and base catalyst. 
